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Devwudfw
Wklv sdshu lqwurgxfhv d prgho/ edvhg rq wkh Ndopdq ￿owhu iudphzrun/ zklfk doorzv iru
wlph ydu|lqj sdudphwhuv/ odwhqw idfwruv/ dqg d jhqhudo JDUFK vwuxfwxuh iru wkh uhvlgxdov1
Zlwk wklv h{whqvlrq ri wkh Ehndhuw dqg Kduyh| +4<<:, prgho lw lv srvvleoh wr whvw li dq
hphujlqj vwrfn pdunhw ehfrphv pruh h￿flhqw ryhu wlph dqg pruh lqwhjudwhg zlwk rwkhu
douhdg| hvwdeolvkhg pdunhwv lq vlwxdwlrqv zkhuh qr pdfurhfrqrplf frqglwlrqlqj yduldeohv
duh dydlodeoh1
Zh dsso| wklv prgho wr wkh F}hfk/ Srolvk/ Kxqjduldq/ dqg Uxvvldq vwrfn pdunhwv1 Zh
xvh gdwd dw gdlo| iuhtxhqf| uxqqlqj iurp Dsulo :wk 4<<7 wr Mxo| 43wk 4<<:1 D odwhqw idfwru
fdswxuhv pdfurhfrqrplf h{shfwdwlrqv1 Frqfhuqlqj suhglfwdelolw|/ phdvxuhg zlwk wlph ydu|0
lqj dxwrfruuhodwlrqv/ Kxqjdu| uhdfkhg h￿flhqf| ehiruh 4<<71 Uxvvld vkrzv vljqv ri rqjrlqj
frqyhujhqfh wrzdugv h￿flhqf|1 Iru Srodqg dqg wkh F}hfk Uhsxeolf zh ￿qg qr lpsuryh0
phqwv1 Zlwk uhjdug wr pdunhw lqwhjudwlrq wkhuh lv hylghqfh wkdw wkh lpsruwdqfh ri Jhupdq|
kdv fkdqjhg ryhu wlph iru doo pdunhwv1 Vkrfnv lq wkh XN duh srvlwlyho| uhodwhg wr wkh F}hfk
dqg Srolvk pdunhw exw qhlwkhu zlwk wkh Uxvvldq qru wkh Kxqjduldq rqhv1 Vkrfnv lq wkh XV
kdyh qr lpsdfw rq wkhvh pdunhwv exw Uxvvld1 D vwurqj qhjdwlyh fruuhodwlrq ehwzhhq Uxvvld
dqg wkh XV dqg Jhupdq| whqgv wr glvdsshdu1
Zh dovr vkrz wkdw wkrvh pdunhwv h{klelw vljql￿fdqw dv|pphwulf JDUFK h￿hfwv zkhuh
edg qhzv jhqhudwh juhdwhu yrodwlolw|1 Lq Kxqjdu| jrrg qhzv/ lqvwhdg/ jhqhudwh juhdwhu yrodwlo0
lw| zklfk ohdgv xv wr irupxodwh d oltxlglw| k|srwkhvlv1
Nh|zrugv= Fhqwudo dqg Hdvwhuq Hxursh/ Vwrfn Lqglfhv/ Suhglfwdelolw|/ Pdunhw0Lqwhjudwlrq1
MHO Fodvvl￿fdwlrq Qxpehuv= J47/ J48/ F551
WWkh uhvshfwlyh d￿oldwlrqv duh KHF Vfkrro ri Pdqdjhphqw/ Ghsduwphqw ri Ilqdqfh/ 4/ uxh gh od
Ole￿ hudwlrq/ :;684 Mrx|0hq0Mrvdv +Iudqfh,/ UrfnlqjhuCkhf1iu/ dqg Fhqwuh iru Hfrqrplf Iruhfdvwlqj/
Orqgrq Exvlqhvv Vfkrro/ Vxvvh{ Sodfh/ Uhjhqw*v Sdun/ Orqgrq QZ4 7VD +X1N1,/ JxujdCoev1df1xn1
Wkh dxwkruv dfnqrzohgjh ydoxdeoh frpphqwv iurp U1Fklulqnr/ E1Gxpdv/ V1Kdoo/ dqg H1Mrqghdx1 Zh
dovr zlvk wr wkdqn wkh Hglwru dqg dq Dvvrfldwh Hglwru iru khosixo vxjjhvwlrqv1 Zh zlvk wr wkdqn Mrugl
Ulhud iru uhvhdufk dvvlvwdqfh1 Wkh gdwd xvhg lq wklv vwxg| zdv h{wudfwhg iurp Gdwdvwuhdp/ Uhxwhuv/
Eorrpehuj/ dqg wkh Lqwhuqhw1 Ilqdqfldo vxssruw iurp SKDUH0DFH Surmhfw Q1 W<:0;44;0U lv judwhixoo|
dfnqrzohgjhg1 Wkh ￿uvw dxwkru dovr dfnqrzohgjhv ￿qdqfldo khos iurp wkh KHF Irxqgdwlrq1 Wkh xvxdo
glvfodlphu dssolhv1￿ AW￿, V￿+vW￿B ￿￿+￿￿,A,+ ￿￿#,w A￿ A,5A 6￿+
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Wkhuh lv d vhw ri lqwhuhvwlqj qhz vwrfn pdunhwv zklfk kdyh hphujhg rxw ri wkh iruphu frppxqlvw
eorfn dqg zklfk kdyh ehhq olwwoh lqyhvwljdwhg lq wkh olwhudwxuh1 Ehfdxvh wkrvh pdunhwv duh hyhq
qhzhu wkdq rwkhu Dvldq ru Vrxwk Dphulfdq pdunhwv +douhdg| vwxglhg h{whqvlyho| e| Ehndhuw
4<<8/ Ehndhuw dqg Kduyh| 4<<:/ Fodhvvhqv/ Gdvjxswd/ dqg Johq 4<<8 dprqj rwkhuv,/ dqg dovr
ehfdxvh ri wkhlu hfrqrplf dqg fxowxudo gl￿huhqfhv iurp wkh rwkhu pdunhwv/ lw dsshduv lqwhuhvwlqj
wr jdlq lqvljkw lqwr wkh zrunlqj dqg hyroxwlrq ri wkrvh frxqwulhv* ￿qdqfldo pdunhw1 Lq rxu vwxg|
zh irfxv rq d vdpsoh ri Fhqwudo dqg Hdvwhuq Hxurshdq Ilqdqfldo Pdunhwv +FHHIP,/ qdpho|
wkh F}hfk/ Kxqjduldq/ Srolvk/ dqg Uxvvldq pdunhwv1
Wkh phwkrgrorjlfdo frqwulexwlrq ri wklv sdshu lv wkh lqwurgxfwlrq ri d prgho zklfk doorzv
iru odwhqw idfwruv/ wlph ydu|lqj sdudphwhuv/ dqg d jhqhudo JDUFK vwuxfwxuh iru wkh uhvlgxdov/
h{whqglqj wkh Ehndhuw dqg Kduyh| +4<<:, prgho1 Wkh edvlf iudphzrun xvhg lq wklv sdshu lv wkh
Ndopdq ￿owhu1
Wkh xvh ri d prgho zlwk odwhqw idfwruv lv prwlydwhg e| wkh revhuydwlrq wkdw/ xqolnh wkh pdlq
uhodwhg sdshuv vxfk dv Kduyh| +4<<8, dqg Ehndhuw dqg Kduyh| +4<<8/4<<:,/ iru wkh frxqwulhv lq
rxu sdqho/ yhu| olwwoh lqirupdwlrq eh|rqg wkh ohyho ri vwrfn lqglfhv lv dydlodeoh1 W|slfdoo|/ iru
wkrvh frxqwulhv gdwd lv dydlodeoh rqo| iru d ihz |hduv1 Lw lv wkhuhiruh xquhdvrqdeoh wr xvh gdwd dw
d prqwko| iuhtxhqf| dv lv grqh lq rwkhu vwxglhv ri wklv w|sh vlqfh wkh vdpsoh lv mxvw wrr vpdoo1
Ixuwkhupruh/ wkh txdolw| ri pdfurhfrqrplf gdwd pd| kdyh ehhq ri grxewixo txdolw|1 Zh zrxog
olnh wr hpskdvl}h wkh idfw wkdw hyhq li pdfurhfrqrplf yduldeohv duh dydlodeoh/ rxu prgho zrxog
doorz wkh fdswxuh ri xqrevhuydeoh yduldeohv1
Wkh idfw wkdw rxu prgho doorzv iru wlph ydu|lqj sdudphwhuv ixuwkhu jlyhv xv wkh srvvlelolw|
wr dgguhvv wzr lpsruwdqw hfrqrplf txhvwlrqv= d, kdyh wkh FHHIP ehfrph pruh h￿flhqw ryhu
wlph dqg e, glg wkh| ehfrph pruh lqwhjudwhg zlwk rwkhu douhdg| hvwdeolvkhg pdunhwvB
Iluvw/ wkh pdunhwv xqghu lqyhvwljdwlrq duh yhu| |rxqj dqg kdyh hphujhg rxw ri fhqwudoo|
sodqqhg hfrqrplhv1 Rqh fdq h{shfw wkdw wkrvh pdunhwv/ lq rughu wr dwwudfw iruhljq fdslwdov/
kdyh wulhg wr dgdsw wkhlu vwdqgdugv wr lqwhuqdwlrqdo rqhv/ e| lpsurylqj glvforvxuh sudfwlfhv ri
￿upv/ rughu h{hfxwlrq/ rzqhuvkls uljkwv/ dqg e| eulqjlqj grzq olplwdwlrqv wr lqwhuqdwlrqdo fds0
lwdo ￿rzv1 Dv d frqvhtxhqfh ri wkrvh lpsuryhphqwv oltxlglw| vkrxog lpsuryh1 Dovr dssduhqw
duelwudjh rssruwxqlwlhv gxh wr dxwrfruuhodwlrqv lq uhwxuqv vkrxog glvdsshdu1 Zh whvw li vxfk
fkdqjhv wdnh sodfh e| lqyhvwljdwlqj li suhglfwdelolw| +phdvxuhg wkurxjk wlph ydu|lqj dxwrfru0
uhodwlrqv, kdv lqghhg hyroyhg ryhu wlph1 Wklv fruuhvsrqgv wr d whvw ri d zhdn irup ri pdunhw
h￿flhqf|1
Vhfrqg/ iru wkh lqyhvwru lqwhuhvwhg lq lqwhuqdwlrqdo glyhuvl￿fdwlrq/ wkh nqrzohgjh ri d frxq0
wu|*v fruuhodwlrq zlwk zruog zlgh ulvn lv ri sulph lpsruwdqfh1 Fhuwdlq prghov kdyh dvvxphg
shuihfw lqwhjudwlrq/ rwkhuv dvvxph vhjphqwdwlrq ru sduwldo vhjphqwdwlrq1 Ehndhuw dqg Kdu0
yh| +4<<8/ 4<<:, frpelqh erwk h{wuhphv lq d prgho doorzlqj iru wlph ydu|lqj lqwhjudwlrq zklfk
wkh| dsso| wr d odujh vhw ri hphujlqj pdunhwv1 Wkhlu zrun wkhuhiruh hqfrpsdvvhv prghov zkhuh
pdunhwv duh dvvxphg wr eh shuihfwo| lqwhjudwhg +vxfk dv Vroqln +4<;6,/ Kduyh| +4<<4,/ Ihuvrq
dqg Kduyh| +4<<6/ 4<<7,,/ shuihfwo| vhjphqwhg +Vkdush +4<97,/ Olqwqhu +4<98,,/ ru frqvwdqwo| lq
ehwzhhq +Huuxq}d dqg Orvt +4<;8,,1 Zh rewdlq wklv wlph ydu|lqj lqwhjudwlrq e| dvvxplqj wkdw
zh kdyh wlph fkdqjlqj sdudphwhuv1 Ixuwkhu/ zh doorz iru jhrjudsklf lqwhjudwlrq e| lqyhvwljdwlqj
wkh lpsdfw ri d ihz vhohfwhg hvwdeolvkhg vwrfn pdunhwv +HVP, udwkhu wkdq e| xvlqj d vlqjoh
zruog lqgh{1 Wkh vhw ri HVP frqvlvwv ri wkh XV pdunhw +odujhvw fdslwdol}dwlrq ri Zruog,/ wkh
4XN pdunhw +odujhvw Hxurshdq fdslwdol}dwlrq,/ dqg wkh Jhupdq pdunhw +jhrjudsklfdo ylflqlw|
dqg lpsruwdqfh dv d wudgh sduwqhu,1
Rxu prgho lv dovr deoh wr ghdo zlwk yhu| frpsoh{ JDUFK h￿hfwv1 Wkh lqfrusrudwlrq ri
vxfk h￿hfwv ohdgv wr dq lpsuryhg h￿flhqf| ri hvwlpdwhv1 Wklv prgho lv/ wkhuhiruh/ ri xvh lq
dq| vlwxdwlrq zkhuh wkhuh duh wlph ydu|lqj sdudphwhuv dqg sdudphwulf khwhurvfhgdvwlflw| lq wkh
uhvlgxdov1 Eh|rqg wklv/ iru wkh vwxg| ri pdunhw lqwhjudwlrq/ frxqwu| vshfl￿f JDUFK h￿hfwv duh
qhfhvvdu| wr jdxjh wkh uhodwlyh frpsrqhqw lq grphvwlf yrodwlolw| ri iruhljq vkrfnv1 Wkh JDUFK
h￿hfw zklfk zh frqvlghu doorzv iru dv|pphwulhv1 Lw lv zhoo grfxphqwhg +vhh Fdpsehoo dqg
Khqwvfkho 4<<5, wkdw iru hvwdeolvkhg pdunhwv edg qhzv ohdg wr vxevhtxhqw lqfuhdvhg yrodwlolw|1
Wklv lv wkh vr fdoohg Eodfn +4<:5, ohyhudjh k|srwkhvlv1 Wkh dv|pphwu| lq wkh JDUFK surfhvv
doorzv xv wr whvw li wkh FHHIP dovr reh| wkh ohyhudjh k|srwkhvlv1 Rq wkh rwkhu kdqg/ iru wkrvh
frxqwulhv/ vx￿hulqj iurp orz oltxlglw|/ rqh fdq lpdjlqh vfhqdulrv zkhuh jrrg qhzv fdq ohdg wr
lqfuhdvhg oltxlglw| zklfk lq wxuq fdq ohdg wr lqfuhdvhg yrodwlolw| dv lqyhvwruv uhedodqfh wkhlu
sruwirolrv1 Zh fdoo wklv skhqrphqrq wkh oltxlglw| k|srwkhvlv1
Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh ghvfuleh wkh jhqhudo prgho doorzlqj iru
odwhqw idfwruv/ wlph ydu|lqj sdudphwhuv/ dqg JDUFK lq wkh uhvlgxdov1 Lq Vhfwlrq 6 zh surylgh
ghvfulswlyh vwdwlvwlfv1 Zh wkhq uhsruw dqg glvfxvv wkh uhvxowv ri wkh hvwlpdwlrq ri rxu prgho dqg
whvw iru lqwhjudwlrq/ suhglfwdelolw|/ dqg wkh ohyhudjh0oltxlglw| k|srwkhvlv1 Vhfwlrq 7 frqfoxghv1
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Lq d uhfhqw sdshu rq hphujlqj pdunhwv/ Ehndhuw dqg Kduyh| +4<<:, 0EK khqfhiruwk0 kdyh suh0
vhqwhg d yhu| lqwhuhvwlqj iudphzrun zlwklq zklfk lw lv srvvleoh wr vwxg| zkhwkhu pdunhwv hyroyh
wrzdugv juhdwhu lqwhjudwlrq1 Lq wklv sdshu zh h{whqg wkhlu prgho e| xvlqj wkh Ndopdq ￿owhu
dssurdfk zklfk doorzv xv wr ghdo h{solflwo| zlwk wlph ydu|lqj frh￿flhqwv dqg d jhqhudo JDUFK
vwuxfwxuh iru wkh uhvlgxdov1
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Lq whvwlqj iru wlph yduldwlrq ri pdunhw lqwhjudwlrq/ zh irfxv rq jhrjudsklfdo vhjphqwdwlrq udwkhu
wkdq rq zruogzlgh lqwhjudwlrq dv lq EK1 Udwkhu wkdq kdylqj rqh zruog lqgh{ zh doorz iru d
frxqwu| zklfk pd| jhrjudsklfdoo| grplqdwh1 Ohw wklv frxqwu| eh lqgh{hg e| G1 Lwv frqwlqxrxvo|
frpsrxqghg vwrfn uhwxuq dw wlph w lv ghqrwhge| u(c|1￿ Lw lv dvvxphgwkdw wklv pdunhw kdv uhwxuqv
zklfk hyroyh dffruglqj wr=
u(c| @ ￿(c|{(c| .￿(c|> +4,
￿(c| @ ￿( ￿(c|3￿ . ￿(c|> +5,
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zkhuh ￿(c| dqg ￿( uhsuhvhqw d wlph ydu|lqj yhfwru ri sdudphwhuv dqg d sdudphwhu pdwul{
doorzlqj iru srvvleo| dxwruhjuhvvlyh ehkdylru lq wkh sdudphwhuv uhvshfwlyho|1 }(c| dqg ￿(c|
uhsuhvhqw udqgrp qrlvhv/ dvvxphg wr eh glvwulexwhg qrupdoo| zlwk phdq 3/ dqg uhvshfwlyh
yduldqfhv 4 dqg T(c|1 T(c| uhsuhvhqwv d pdwul{ frqirup zlwk ￿(c|1 Wkh yhfwru {(c| fruuhvsrqgv
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5wr yduldeohv zklfk duh dvvxphg wr ghvfuleh wkh frqglwlrqdo phdq1 Vxfk yduldeohv pd| eh odjjhg
uhwxuqv/ vhdvrqdo gxpplhv/ ru rwkhu suhglfwlqj yduldeohv1 Vlqfh ￿(c| uhsuhvhqwv d yhfwru/ e|
vhwwlqj dq hohphqw lq {(c| htxdo wr rqh zh rewdlq d prgho zlwk d odwhqw idfwru1 Pruh frpsolfdwhg
odwhqw vwuxfwxuhv vxfk dv DULPD surfhvvhv fdq dovr eh lpsohphqwhg1 Wkh whup ￿(c|{(c| lq +4,
lv fdoohg wkh frqglwlrqdo phdq1 Wkh uhvlgxdo ￿(c| lv wkh xqh{sodlqhg sduw ri wkh uhwxuq ri
frxqwu| G1 Iru yrodwlolw| zh kdyh fkrvhq lq htxdwlrq +7, d zlgho| xvhg JDUFK+4/4, zklfk




( uhsuhvhqw d frqvwdqw/ wkh lpsruwdqfh
ri srvlwlyh vkrfnv/ ri qhjdwlyh vkrfnv/ dqg ri shuvlvwhqfh uhvshfwlyho|1 4 LtSJ?_￿|￿J?￿ lv d gxpp|
yduldeoh wdnlqj wkh ydoxh 4 zkhqhyhu frqglwlrq lv wuxh dqg 3 rwkhuzlvh1 Lq Dsshqgl{ D zh vkrz
krz wkh Ndopdq ￿owhu dqg wkh vprrwkhu fdq eh dgdswhg wr ghdo zlwk JDUFK h￿hfwv1￿ Zh
hpskdvl}h wkdw wklv phwkrg fdq eh dssolhg wr doo vlwxdwlrqv uhtxhvwlqj wkh xvh ri wkh Ndopdq
￿owhu iudphzrun dqg JDUFK h￿hfwv iru uhvlgxdov1
Zh qh{w frqvlghu d jlyhq frxqwu| l/ iru zklfk zh zlvk wr whvw suhglfwdelolw| dqg wlph ydu|lqj
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￿￿c| @ ￿￿￿￿c|3￿ . ￿￿c|= +43,
Wkh phdqlqj ri wkh yduldeohv lq htxdwlrqv +8, wr +43, lv wkh vdph dv iru htxdwlrqv +4, wr +7,1
Khuh/ lq dgglwlrq/ wkh huuruv }￿c| dqg ￿￿c| duh dovr dvvxphg wr eh lqghshqghqw hdfk rwkhu dqg
dfurvv wlph/ lqghshqghqw ri wkh }(c|>￿ (c| dqg wkhlu odjv1 Ixuwkhu/ lq rughu wr dsso| wkh Ndopdq
￿owhu phwkrgrorj| zh dvvxph wkdw wkh huuruv duh glvwulexwhg qrupdoo| zlwk phdq 3 dqg yduldqfhv
4d q gT￿c| uhvshfwlyho|1
Lw lv vwudljkwiruzdug wr vhh iurp +9, krz d iruhljq vkrfn d￿hfwv gluhfwo| wkh ￿uvw prphqw
ri uhwxuqv1 Wklv vshfl￿fdwlrq dovr vkrzv krz iruhljq vkrfnv d￿hfw orfdo yrodwlolw|1 Lq idfw/







li H|3￿^￿(c|h￿c|‘ @ 31 Wklv odwwhu frqglwlrq phdqv wkdw iruhljq vkrfnv duh vxssrvhg wr eh
xqfruuhodwhg zlwk grphvwlf rqhv1 Iroorzlqj EK lw lv srvvleoh wr phdvxuh wkh sduw ri orfdo











(c| zh dovr revhuyh wkdw wkh fruuhodwlrq ri frxqwu| l zlwk wkh grplqdqw
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6Wklv uhvxow vkrzv wkdw li iruhljq yrodwlolw| lqfuhdvhv zlwk uhvshfw wr orfdo yrodwlolw| wkhq yrodwlolw|
lqfuhdvhv dfurvv pdunhwv/ d skhqrphqrq sxw lq hylghqfh e| Orqjlq dqg Vroqln +4<<8,1 Dovr li
grplqdqw pdunhwv kdyh d vwurqjhu lpsdfw rq orfdo rqhv wklv fruuhodwlrq lv kljkhu1
Rxu prgho lv/ wkhuhiruh/ deoh wr ghfrpsrvh d frxqwu|*v yrodwlolw| lqwr dq lglrv|qfudwlf dqg
d iruhljq frpsrqhqw dv lq EK1 Edvhg rq lqwxlwlyh dujxphqwv zh qrz zlvk wr glvfxvv krz wkh
prgho fdq eh dgrswhg wr hphujlqj pdunhwv1
Wkh yduldeoh {￿c| fdq fdswxuh/ dv lq Ehndhuw dqg Kduyh| +4<<:,/ pdfurhfrqrplf yduldeohv1
Iru yhu| |rxqj pdunhw hfrqrplhv vxfk dv wkh wudqvlwlrq hfrqrplhv zh duh ghdolqj zlwk/ vxfk
yduldeohv gr qrw h{lvw ru duh ri vxfk d srru txdolw| wkdw wkhlu lqwurgxfwlrq pd| fuhdwh pruh
sureohpv wkdq lw uhvroyhv1 Rwkhu pdfurhfrqrplf h￿hfwv vxfk dv srolwlfdo hyhqwv dqg h{shf0
wdwlrqv duh qrw gluhfwo| phdvxudeoh1 Wkxv/ ehlqj xqdeoh wr frqglwlrq wkh sdudphwhuv gluhfwo|
rq pdfurhfrqrplf yduldeohv dv lq EK/ zh uho| rq d odwhqw vshfl￿fdwlrq iru wkh frqvwdqw/ wlph
ydu|lqj dxwrfruuhodwlrq/ dqg wlph ydu|lqj pdunhw lqwhjudwlrq1
Vlqfh rxu prgho frxog dovr eh dssolhg wr vlwxdwlrqv zkhuh kljk iuhtxhqf| gdwd zrxog eh
dydlodeoh/ lw vkrxog eh qrwlfhg wkdw wkh Ndopdq ￿owhu frxog eh dgdswhg wr wdnh lqwr dffrxqw wklv
plvvlqj gdwd +vhh Kduyh| +4<;<,/ vhfwlrq 916,1
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Lw lv zruwk qrwlflqj wkdw wkhuh duh dgydqwdjhv lq xvlqj wkh Ndopdq ￿owhu dssurdfk zlwk uhvshfw wr
wkh vzlwfklqj uhjuhvvlrq phwkrg wr whvw iru ydu|lqj frh￿flhqwv1 Iluvw/ wkh Ndopdq ￿owhu grhv qrw
vx￿hu iurp vrph ri wkh gudzedfnv ri vzlwfklqj uhjuhvvlrqv1 Iru lqvwdqfh lq vzlwfklqj uhjuhvvlrqv
lw pd| ehfrph qxphulfdoo| exughqvrph wr ￿qg wkh uhdvrq zk| wkh uhodwlrq ehwzhhq sdudphwhuv
ydulhv1D Vhfrqg/ whvwlqj k|srwkhvlv zlwklq wkh vzlwfklqj iudphzrun lv yhu| frpsolfdwhg/ +vhh
Kdqvhq +4<<4, iru d vshfl￿f lpsohphqwdwlrq ri d whvw iru vzlwfklqj, vlqfh xqghu wkh qxoo ri qr
vzlwfklqj wkh lqirupdwlrq pdwul{ lv vlqjxodu1 Zlwklq wkh Ndopdq ￿owhu vhwxs wkh whvw iru wlph
yduldelolw| erlov grzq wr d whvw ri wkh frqvwdqf| ri d yduldqfh1
2￿2 ￿￿4ih￿U@* ￿tt￿it
Lq rughu wr hdv| wkh vshhg ri frqyhujhqfh ri wkh dojrulwkpv xvhg iru wkh hvwlpdwlrq surfhgxuhv/ zh
dovr vlpsoli| wkh vwuxfwxuh ri wkh prgho e| lqwurgxflqj phdqlqjixo uhvwulfwlrqv1 Iluvw/ zh dvvxph
wkdw wkh yduldqfh0fryduldqfh pdwul{/ T|/ lv gldjrqdo1 Wklv phdqv wkdw fkdqjhv lq wkh sdudphwhuv
rffxu lqghshqghqwo| wkh rqh iurp wkh rwkhu1 Wklv dvvxpswlrq grhv qrw dsshdu wr eh uhvwulfwlyh
rq hfrqrplf jurxqgv vlqfh zh gr qrw h{shfw/ dw gdlo| iuhtxhqf|/ dq| uhodwlrq ehwzhhq h{shfwhg
uhwxuqv +fdswxuhg e| wkh frh￿flhqw ￿Ef￿,/ dqg suhglfwdelolw| +￿E￿￿,/ ru fkdqjlqj lqwhjudwlrq
+￿E2￿,1 Rq wkh rwkhu kdqg/ zh fdq lqghhg h{shfw fkdqjhv lq suhglfwdelolw| dqg lq lqwhjudwlrq wr
eh fruuhodwhg1 Krzhyhu/ vlqfh zh h{shfw vxfk fkdqjhv wr eh ri udwkhu vpdoo pdjqlwxgh/ qhjoljleoh
fryduldqfhv duh h{shfwhg1
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7Wr lpsohphqw wkh Ndopdq ￿owhu zh dovr dvvxph qrupdolw| ri wkh uhvlgxdov1 Zh fruuhfw wkh
vwdqgdug huuruv iru srvvleoh qrq0qrupdolw| iroorzlqj Jrxulhurx{/ Prqiruw/ dqg Wurjqrq +4<;7,1
Ilqdoo|/ wr rewdlq lqlwldo ydoxhv iru wkh jhqhudo prgho lw lv qhfhvvdu| wr surfhhg vwhszlvh/
vwduwlqj iurp d uhgxfhg prgho dgglqj vxevhtxhqw yduldeohv1S
￿ ,4T￿h￿U@* hit￿*|t
Wkh prgho suhvhqwhg lq wkh suhylrxv vhfwlrq lv sduwlfxoduo| vxlwdeoh wr whvw li d wudqvlwlrq vwrfn
pdunhw ehfrphv pruh h￿flhqw ryhu wlph dqg pruh lqwhjudwhg zlwk rwkhu hvwdeolvkhg vwrfn
pdunhwv1 Ehiruh whvwlqj iru wkhvh k|srwkhvhv/ zh ￿uvw surylgh vrph ghvfulswlrq ri wkh gdwd
xwlol}hg1
￿￿￿ #@|@ _itUh￿T|￿L?
Iru wkh FHHIP zh frqvlghu vwrfn lqglfhv iru wkh F}hfk Uhsxeolf +F],/ Srodqg +SR,/ Kxqjdu|
+KX,/ dqg Uxvvld +UX,1. Wkh hvwdeolvkhg vwrfn pdunhwv +HVP, frqvlghuhg lq wklv vwxg| frqvlvw
ri wkh Dphulfdq +XV,/ Jhupdq +JH,/ dqg Eulwlvk +XN, rqhv1 Doo vhulhv zloo eh wdnhq dw d gdlo|
iuhtxhqf|1 Iru ixuwkhu ghwdlov rq wkh ruljlq ri wklv gdwd vhh Dsshqgl{ E1
Vlqfh zh wdnh wkh vwdqgsrlqw ri dq lqwhuqdwlrqdo lqyhvwru zlwk d groodu uhihuhqwldo/ zkhq
qhfhvvdu|/ lqglfhv zhuh frqyhuwhg lqwr XV grooduv1 Wklv lpsolhv wkdw dq| h￿hfw zklfk zh phdvxuh
lq groodu uhwxuqv fdq frph iurp pryhphqwv ri wkh h{fkdqjh udwh ru iurp d yduldwlrq ri uhwxuqv
phdvxuhglqorfdo fxuuhqf|1 Dv lqprvwri wkh olwhudwxuh/ dprqjvw zklfkEK/ zh duh qrw lqwhuhvwhg
lq vhsdudwlqj wkh ydulrxv h￿hfwv1
Wr looxvwudwh wkh hyroxwlrq ri wkh FHHIP lqglfhv ghvfulehg deryh/ zh suhvhqw lq Iljxuh
41d d judsk ri wkh lqglfhv iru d orqjhvw srvvleoh wlph vsdq1 Doo lqglfhv kdyh d frpprq shulrg
iurp Dsulo :wk 4<<7 wr Mxo| 43wk 4<<:1 Wkh| zhuh uhvfdohg vr wkdw rq Dsulo :wk 4<<7 wkh|
wdnh wkh ydoxh 4331 Iru frpsdudwlyh sxusrvhv zh dovr suhvhqw lq Iljxuh 41e wkh hyroxwlrq ri
wkh XV/ Jhupdq/ dqg XN vwrfn pdunhwv1 Wkrvh judskv lqglfdwh wkdw 433XV’ lqyhvwhg rq Dsulo
:wk 4<<7 lq d sruwirolr uhsolfdwlqj wkh lqglfhv zrxog kdyh |lhoghg e| Mxo| 4<<: vljql￿fdqwo|
gl￿huhqw dprxqwv ri zhdowk wdnlqj wkh ydoxhv ’79 iru wkh F}hfk Uhsxeolf/ ’:: iru Srodqg/ ’6<:
iru UxvvldH/ ’554 iru Kxqjdu|/ ’48; iru wkh XN/ ’49< iru Jhupdq|/ dqg ’535 iru wkh XV1 Vxfk elj
gl￿huhqfhv mxvwli| wkh prgholqj ri wkh ydulrxv lqglfhv lq rughu wr jdlq d ixuwkhu xqghuvwdqglqj
ri krz wkh| lqwhudfw1
￿￿2 #itUh￿T|￿￿i t|@|￿t|￿Ut
Wr hqvxuh wkdw wkh vwdwlvwlfdo surshuwlhv phdvxuhg lq wkh wlph vhulhv iru wkh ydulrxv lqglfhv duh
frpsdudeoh/ zh irfxv rq wkh gdwd ryhu wkh frpprq wlph vsdq +Dsulo :wk 4<<7 wloo Mxo| 43wk
4<<:, zklfk fruuhvsrqgv wr ;9: revhuydwlrqv1
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8Iroorzlqj wkh uhfhqw olwhudwxuh +vhh Ulfkdugvrq dqg Vplwk +4<<6,/ Ehndhuw dqg Kduyh|/ +4<<8/
4<<:,,/ zh rewdlq khwhurvnhgdvwlf0urexvw hvwlpdwhv ri wkh phdq/ yduldqfh/ vnhzqhvv dqg h{fhvv
nxuwrvlv zlwklq wkh JPP iudphzrun1 Wklv iudphzrun dovr surylghv w0whvwv iru vljql￿fdqfh ri
wkh prphqwv1 D whvw iru qrupdolw| fdq eh frqvwuxfwhg zlwk wkh Zdog sulqflsoh e| lpsrvlqj }hur
vnhzqhvv dqg qr h{fhvv0nxuwrvlv lq wkh JPP hvwlpdwlrq vlqfh xqghu qrupdolw| erwk vwdwlvwlfv
vkrxog eh 31 Wkh dvvrfldwhg ryhulghqwl￿fdwlrq vwdwlvwlfv Z lv wkhq glvwulexwhg dv d "2
2 xqghu wkh
qxoo1 Zh dovr uhsruw wkh Mdutxh0Ehud whvw iru qrupdolw| glvwulexwhg dv d "2
21
Lqvshfwlrq ri Wdeoh 4 uhyhdov wkdw wkh ydulrxv lqglfhv ehkdyh lq d yhu| frpsoh{ pdqqhu1 Iru
wkh phdq ri wkh uhwxuqv wkh udqjh lv ehwzhhq 0313< iru wkh F}hfk lqgh{ dqg .3153 iru wkh Uxvvldq
rqh1 Wkh dqqxdol}hg yrodwlolw|/ gh￿qhg dv
s
583 wlphv gdlo| yrodwlolw|/ udqjhv ehwzhhq <17( iru
wkh XN xs wr 8417( iru Uxvvld1 Wkh phdq dqg yrodwlolw| iru HVP duh ri d vlplodu pdjqlwxgh
dqg udwkhu vpdoo1 Fodhvvhqv/ Gdvjxswd/ dqg Johq +4<<8/ s1 46;, uhsruw iru hphujlqj pdunhwv ri
Dvld dqg Vrxwk Dphulfd/ iru gdwd uxqqlqj ehwzhhq 4<:8 dqg 4<<5/ vlplodu frh￿flhqwv dv iru rxu
vhw ri hphujlqj pdunhwv1 Krzhyhu/ wkh| ￿qg iru hvwdeolvkhg pdunhwv d kljkhu yrodwlolw|1 Wklv lv
gxh wr wkh idfw wkdw lq rxu vdpsoh wkhvh pdunhwv zhuh udwkhu fdop dqg zlwkrxw fudvkhv1
Iru doo vhulhv +h{fhsw iru Kxqjdu|, zh qrwlfh d vljql￿fdqw qhjdwlyh vnhzqhvv1 Wklv phdqv
wkdw iru wkrvh pdunhwv wkhuh duh rffdvlrqdo gursv zklfk fdqqrw eh fdswxuhg zlwk d qrupdo
ghqvlw|1 Ixuwkhu/ iru doo vhulhv zh qrwlfh h{fhvv nxuwrvlv lpso|lqj idw wdlov ri wkh uhwxuqv glvwul0
exwlrq1 Ilqdoo|/ wkh Z dqg wkh Mdutxh0Ehud vwdwlvwlfv lqglfdwh wkdw doo vhulhv duh qrq0qrupdoo|
glvwulexwhg1 Srvvleoh h{sodqdwlrqv iru qrq0qrupdolw| duh wkdw wkh xqghuo|lqj uhwxuqv duh khw0
hurvnhgdvwlf dqg2ru wkdw wkhuh duh mxpsv lq wkh lqglfhv1
Zh qrz irfxv rq dxwrfruuhodwlrqv1 Pdunhwv zlwk orz dxwrfruuhodwlrqv duh frqvlghuhg wr vdw0
lvi| rqh fulwhulrq iru zhdn lqirupdwlrqdo h￿flhqf|1b Ehfdxvh ri wudqvdfwlrqv frvw dqg ehfdxvh ri
srvvleoh wklq wudglqj lq vwrfnv +d sduwlfxoduo| lpsruwdqw lvvxh iru hphujlqj ￿qdqfldo pdunhwv,/
d vpdoo exw srvvleo| vljql￿fdqw dxwrfruuhodwlrq fdqqrw eh uxohg rxw1 Zh whvw iru dxwrfruuhod0
wlrq xvlqj d Er{0Omxqj w|sh whvw dgmxvwhg iru srvvleoh khwhurvnhgdvwlflw| iroorzlqj Fxpe| dqg
Kxl}lqjd +4<<5,1 Lqvshfwlrq ri wkh dxwrfruuhodwlrqv uhyhdov iru prvw FHHIP vhulhv d vwurqj
srvlwlyh ￿uvw rughu dxwrfruuhodwlrq1 Rq wkh rwkhu kdqg iru wkh HVP zh revhuyh d yhu| vpdoo
dxwrfruuhodwlrq1
Zh whvw iru sdudphwulf khwhurvnhgdvwlflw| zlwk wkh Hqjoh +4<;5, whvw1 Zh ￿qg iru doo FHHIP
vhulhv vljql￿fdqw khwhurvnhgdvwlflw| xs wr wkh vhfrqg rughu1 Wkhuh lv qr vljq ri DUFK w|sh
khwhurvfhgdvwlflw| iru wkh HVP wkh rqo| h{fhswlrq ehlqj Jhupdq| zklfk h{klelwv vrph vhfrqg
rughu khwhurvnhgdvwlflw|1￿f
Wkrvh revhuydwlrqv ohdg xv wr vwlsxodwh iru wkh HVP ghvfulehg e| htxdwlrqv +4, wr +7, wkh
iroorzlqj uhvwulfwlrq=
u(c| @ ￿( .￿(c| +48,
zkhuh ￿(c| lv d krprvfhgdvwlf uhvlgxdo1 Lw lv wkhvh uhvlgxdov zklfk zh zloo xvh dv wkh grplqdqw
frxqwu| vkrfn zklfk pd| kdyh dq lpsdfw rq wkh irxu FHHIP1
￿￿￿ ,t|￿4@|￿L? Lu |￿i }i?ih@* 4L_i* uLh i4ih}￿?} UL￿?|h￿it
Kdylqj rewdlqhg d vshfl￿fdwlrq iru wkh grplqdqw frxqwulhv g|qdplfv zh wxuq wr wkh dssolfdwlrq
ri prgho +44, wr +47, wr whvw iru lqwhjudwlrq/ suhglfwdelolw|/ dqg wkh ohyhudjh0oltxlglw| w|sh
k|srwkhvlv ri wkh wudqvlwlrq hfrqrplhv1
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9Lw lv zruwk qrwlflqj wkdw zh h{shulphqwhg zlwk vhohfwhg prghov doorzlqj iru vhdvrqdolwlhv lq
wkh phdq vshfl￿fdwlrq dqg yhul￿hg wkdw rplvvlrq ri vxfk ihdwxuhv grhv qrw vxevwdqwldoo| fkdqjh
wkh uhvxowv uhsruwhg ehorz1￿￿
Wkh uhvxowv duh uhsruwhg lq Wdeoh 51 D jxlgholqh iru wkh lqwhusuhwdwlrq ri wkh hvwlpdwhv pd|
eh vxppdul}hg dv iroorzv1 Zh nqrz +vhh Kduyh| +4<;<,/ sdjh 569, wkdw d irupdo whvw ri t￿ @ 3
lqyroyhv qrq0vwdqgdug vwdwlvwlfv dqg/ khqfh/ wkh dvvrfldwhg vwdqgdug huuruv duh phdqlqjohvv1
Iru wklv uhdvrq zh gr qrw uhsruw wkhp lq wkh sdshu1 Li wkh hvwlpdwhg t￿ @ 3 wkhq/ fohduo|/ wkh
dvvrfldwhg sdudphwhu lv d frqvwdqw1 Lw lv wkhq srvvleoh wr irupdoo| whvw dw wkh frqyhqwlrqdo ohyho li
wkh fruuhvsrqglqj ￿
E￿￿
f @ 3 ru qrw1 Li wkh hvwlpdwhg t￿ lv qrq }hur wkhq wkh dvvrfldwhg ￿
E￿￿
| ydulhv
dqg lw lv srvvleoh wr whvw li gxulqj vrph shulrg ri wlph wkh ￿
E￿￿
| @ 31 Wklv fdq eh frqyhqlhqwo|
dfklhyhg lq d judsk zkhuh rqh uhsruwv vprrwkhg hvwlpdwhv ri ￿
E￿￿
| dqg <8( frq￿ghqfh lqwhuydov1
61614 Whvwlqj iru lqwhjudwlrq
Lq wklv vhfwlrq zh glvfxvv li wkh jhrjudsklfdoo| grplqdqw frxqwu|*v vkrfnv kdyh dq lpsdfw rq wkh
FHHIP1 Zh phdvxuh wkh lpsdfw ri d grplqdqw frxqwu| wkurxjk wkh wlph ydu|lqj sdudphwhu
￿2











Iru wklv frxqwu| zh qrwlfh wkdw t2 htxdov }hur iru wkh XV dqg wkh XN1 Pruhryhu/ vlqfh iru
wkh XV dovr ￿
E2￿
f lv qrw vljql￿fdqwo| gl￿huhqw iurp }hur/ zh frqfoxgh wkdw wkhuh lv qr lqwhjudwlrq
ehwzhhq wkh XV dqg wkh F}hfk pdunhw1 Dovr/ wkh hvwlpdwh ri ￿
E2￿
f iru wkh XN/ +3143::,/ lv
pdujlqdoo| vljql￿fdqw1 Wklv vxjjhvwv wkdw vkrfnv lq wkh XN kdyh dq lpsdfw rq wkh F}hfk
pdunhw/ |hw/ wkdw wkh uhodwlrq ehwzhhq wkh wzr pdunhwv glg qrw fkdqjh1
Zkhq zh wxuq wr Jhupdq| zh ￿qg d qrq0}hur t2 ri 3133<< dqg/ wkxv/ wkh uhodwlrq fkdqjhg
wkurxjk wlph1 Wxuqlqj wr wkh sorw ri wkh hyroxwlrq ri wkh sdudphwhu ￿
E2￿
| / glvsod|hg lq Iljxuh
5/ zh qrwlfh wkdw ehwzhhq wkh ehjlqqlqj ri rxu vdpsoh dqg wkh hqg ri Vsulqj 4<<8/ vkrfnv
lq Jhupdq| ehfdph pruh dqg pruh lpsruwdqw iru wkh F}hfk Uhsxeolf zlwk d frh￿flhqw ￿
E2￿
|
lqfuhdvlqj wr 31581 Vlqfh wkhq/ erwk frxqwulhv ehfdph ohvv lqwhjudwhg zlwk d frh￿flhqw ri ￿
E2￿
|
htxdo wr 314 e| wkh hqg ri Mxqh 4<<:1
Kxqjdu|
Iru Kxqjdu| zh qrwlfh wkdw t2 lv }hur iru erwk wkh XV dqg wkh XN1 Pruhryhu/ hyhq wkrxjk
wkh srlqw hvwlpdwhv ri ￿
E2￿
f duh srvlwlyh/ wkh| duh qrw vwdwlvwlfdoo| vljql￿fdqw1 Wklv phdqv wkdw
vkrfnv lq wkh XV dqg lq wkh XN kdg qr lpsdfw rq wkh Kxqjduldq pdunhw1 Zkhq zh wxuq wr
Jhupdq|/ zh rewdlq d srvlwlyh t21 Dv Iljxuh 6 vkrzv/ wkh srlqw hvwlpdwh ri ￿
E2￿
| lqfuhdvhg xs
wr 314; e| Iheuxdu| 4<<8/ exw lw ghfuhdvhg vxevhtxhqwo| wr ohvv wkdq 03151 Dovr/ wkh frq￿ghqfh
lqwhuydov durxqg wkh ￿
E2￿
| wudmhfwru| jhwv odujhu wrzdugv wkh hqg ri wkh vdpsoh1 Wklv ohdgv xv
wr frqfoxgh wkdw Kxqjdu| kdv ehhq yhu| olwwoh lq￿xhqfhg/ ryhu wkh shulrg xqghu frqvlghudwlrq
lq wklv vwxg|/ e| dq| ri wkh srwhqwldoo| grplqdqw frxqwulhv1 Dqhfgrwdo hylghqfh frq￿uphg wkh
idfw wkdw gxulqj wklv shulrg ri wlph wkh Kxqjduldq pdunhw zdv rqo| olwwoh lq￿xhqfhg e| iruhljq
irufhv1 Wkh rqo| frxqwu| zklfk pdwwhuhg vljql￿fdqwo| iru d vkruw shulrg zdv Jhupdq|1
Srodqg
Wkh sdwwhuq iru Srodqg lv vrphzkdw vlplodu wr wkh rqh ri wkh F}hfk Uhsxeolf1 Zh revhuyh
djdlq wkdw t2 htxdov }hur iru erwk wkh XV dqg wkh XN1 Rqfh pruh ￿
E2￿
f lv vljql￿fdqwo| gl￿huhqw
iurp }hur iru wkh XN exw qrw iru wkh XV1 Zh gr ￿qg wkdw wkh lpsruwdqfh ri Jhupdq| kdv
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:fkdqjhg wkurxjk wlph +vhh Iljxuh 7,1 Diwhu dq lqlwldo shulrg zkhuh Jhupdq|*v vkrfnv pdwwhuhg
d orw/ srolwlfdo hyhqwv pdwwhuhg pxfk ohvv odwhu rq1
Uxvvld
Dv frxog eh h{shfwhg jlyhq wkh lpsruwdqfh ri wkh Uxvvldq pdunhw/ wkh sdwwhuq iru wklv
frxqwu| lv vrphzkdw gl￿huhqw iurp wkh suhylrxv sdwwhuqv1 Zh qrwlfh wkdw t2 htxdov }hur iru wkh
XN rqo|1 Iru wkh XN wkh hvwlpdwh ri ￿
E2￿
f kdv d qhjdwlyh vljq exw lv qrq0vljql￿fdqw1 Erwk wkh
XV dqg Jhupdq| duh irxqg wr kdyh srvlwlyh t21 Lq Iljxuh 8 zh suhvhqw wkh judsk ri ￿
E2￿
| iru
wkh XV/ wkh rqh iru Jhupdq| lv yhu| vlplodu1 Lqlwldoo| zh qrwlfh wkdw wklv frh￿flhqw lv vwurqjo|
qhjdwlyh +0414<, exw lqfuhdvlqj wkurxjk wlph hqglqj xs forvho| wr }hur1 Wklv ￿qglqj lqglfdwhv
wkdw vlqfh 4<<7 zkhq wkh Uxvvldq pdunhw dsshduhg wr olyh d olih ri lwv rzq/ lw vwduwhg wr hyroyh
wrzdugv d vlwxdwlrq ri qr fruuhodwlrq udwkhu wkdq qhjdwlyh fruuhodwlrq1
61615 Whvwlqj iru suhglfwdelolw|
Lq wklv vhfwlrq zh dgguhvv wkh lvvxh li wkh FHHIP xqghu frqvlghudwlrq kdyh ehfrph ohvv dxwr0
fruuhodwhg zklfk zh zrxog lqwhusuhw dv d frqglwlrq ri lqfuhdvlqj +zhdn, pdunhw h￿flhqf|1 Zh










￿,1 Zh frqwlqxh wr suhvhqw wkh uhvxowv ri rxu joredo prgho lqfoxglqj wkh ydulrxv
iruhljq vkrfnv1￿2
F}hfk Uhsxeolf
Zkhq frqvlghulqj wkh uhjuhvvlrqv lqfoxglqj Jhupdq dqg XN vkrfnv/ zh ￿qg d t￿ ri 31349:
dqg ri 313473 uhvshfwlyho|/ dv d frqvhtxhqfh zh frqfoxgh wkdw suhglfwdelolw| kdv fkdqjhg wkurxjk
wlph1 Zh dovr ￿qg wkdw wkh htxdwlrq lqyroylqj wkh XV pdunhw ohdgv wr qr yduldwlrq lq wkdw sdud0
phwhu1 Zh qrwlfh wkdw doo wkh hvwlpdwhv ri ￿
E￿￿
f duh vlplodu= 315947 iru wkh XV uhjuhvvlrq/ 315;;4
iru JH/ dqg 31587; iru wkh XN1 Wkh judsk rewdlqhg iru ￿
E￿￿
| iru JH dqg wkh XN duh yluwxdoo| lq0
glvwlqjxlvkdeoh1 Iru wklv uhdvrq zh suhvhqw rqo| wkh rqh iru Jhupdq| +vhh Iljxuh 9,1 Zh qrwlfh
wkdw ￿
E￿￿
| dozd|v rvfloodwhv durxqg 3159/ wkh ydoxh irxqg lq wkh XV uhjuhvvlrq1 Lq d ￿uvw shulrg/
odvwlqj wloo Qryhpehu 4<<7/ zh irxqg wkdw wkh pdunhw ehfdph pruh suhglfwdeoh1 Dqhfgrwdo
hylghqfh vxjjhvwv wkdw gxulqj wklv shulrg kxqguhgv ri frpsdqlhv ri wkh ￿uvw zdyh ri pdvv sulyd0
wl}dwlrq zhuh wudghg exw d vhfrqg zdyh ri sulydwl}dwlrqv zdv xqghu zd|1 Iruhljqhuv vhhphg wr
eh uhoxfwdqw wr lqyhvw lq wklv pdunhw ehfdxvh ri lwv dssduhqw lqh￿flhqw ixqfwlrqlqj1 Dv grphvwlf
ixqgv erxjkw vhfrqg zdyh frpsdqlhv wkh pdunhw ehfdph pruh looltxlg dqg pruh dxwrfruuhodwhg
iurp wkhq rq wloo plg0Mxqh 4<<9/ exw dv oltxlglw| lqfuhdvhg dxwrfruuhodwlrq glplqlvkhg1 Wklv
lv wkh shulrg zkhq wkh Plqlvwu| ri Ilqdqfh wrrn dfwlrq djdlqvw d gr}hq iudxgxohqw lqyhvwphqw
edqnv vkrzlqj ghwhuplqdwlrq wr ghdo zlwk wkh edqnlqj vhfwru sureohpv/ wkh pdunhw urvh dqg
ehfdph ohvv oltxlg djdlq1 Wklv fxoplqdwhg wrzdugv wkh hqg ri 4<<9 zkhq d Vhqdwh hohfwlrq vdz
wkh uhirup0hdjhu jryhuqphqw0frdolwlrq frq￿uphg1 Iru wkh F}hfk pdunhw zh wkhuhiruh ￿qg wzr
shulrgv ri lqfuhdvlqj suhglfwdelolw|1
Kxqjdu| dqg Srodqg
Doo wkh hvwlpdwhv ri t￿ duh irxqg wr eh htxdo wr }hur iru wkh wzr frxqwulhv1 Wkhuh lv qr
wlph yduldelolw| lq suhglfwdelolw|1 Zkhq zh wxuq wr wkh srlqw hvwlpdwh ri ￿
E￿￿
f zh qrwlfh wkdw iru
Kxqjdu| wkh sdudphwhuv ydu| ehwzhhq 313598 +iru wkh XN uhjuhvvlrq, dqg 31367; iru wkh XV rqh1
Lq qr fdvh zh gr ￿qg vljql￿fdqw frh￿flhqwv1 Iru Srodqg zh ￿qg wkdw wkh hvwlpdwhv ri ￿
E￿￿
f ydu|
ehwzhhq 31496< +iru wkh JH uhjuhvvlrq, dqg 31576< iru wkh XN rqh1 Xqolnh Kxqjdu|/ lq Srodqg
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;wkh sdudphwhu lv kljko| vljql￿fdqw1 Wkrvh uhvxowv vxjjhvw wkdw wkh Kxqjduldq pdunhw/ dsshduv
wr kdyh uhdfkhg d udwkhu kljk ohyho ri zhdn h￿flhqf| douhdg| e| Dsulo 4<<7/ zkhq rxu vdpsoh
vwduwv1 D srvvleoh h{sodqdwlrq lv wkdw wklv pdunhw zdv fkdudfwhul}hg e| lwv udwkhu vshfldo vwdwxwh
zlwklq wkh iruphu Vrylhw eorfn1 Zkhq wkh Vwrfn H{fkdqjh zdv r￿fldoo| irxqghg lq 4<<3/ lw
kdg douhdg| 43 |hduv ri h{shulhqfh lq vhfxulwlhv wudglqj1 Dovr/ wkdqnv wr dq dxwrpdwhg wudglqj
v|vwhp/ zklfk zdv lqwurgxfhg lq 4<<7/ wudqvsduhqf| lq wkh rughuv zhuh dvvxuhg1
Iru wkh Srolvk pdunhw wkh frh￿flhqw ri suhglfwdelolw| lv frqvwdqw dqg udwkhu kljk1 Dqhfgrwdo
hylghqfh vxjjhvwv wkdw wudghv zhuh gxh prvwo| wr grphvwlf dfwlylwlhv1 Lw vkrxog eh uhfrjql}hg
wkdw wklv pdunhw lv dovr udwkhu qhz vlqfh uhvwulfwlrqv wr iruhljq sduwlflsdwlrq lq wkh pdunhw zhuh
hdvhg rqo| lq Mxo| 4<<71
Uxvvld
Lqvshfwlrq ri t￿ lqglfdwhv wkdw suhglfwdelolw| kdv hyroyhg wkurxjk wlph1 Zh dovr qrwlfh yhu|
vlplodu srlqw hvwlpdwhv ri ￿
E￿￿
f iru wkh ydulrxv uhjuhvvlrqv1 Iljxuh : glvsod|v wkh wudmhfwru| ri ￿
E￿￿
|
xvlqj wkh sdudphwhuv ri wkh Jhupdq uhjuhvvlrq +wkh ￿jxuhv iru wkh rwkhu sdudphwhuv duh yhu|
vlplodu,1 Zh qrwlfh wkdw dw wkh ehjlqqlqj ri wkh vdpsoh/ gd|v zlwk uhwxuqv kljkhu wkdq h{shfwhg
zhuh iroorzhg e| gd|v zlwk uhwxuqv orzhu wkdq h{shfwhg1 Wklv slfwxuh fkdqjhg e| plg04<<8
zkhq zh revhuyh d ghfuhdvlqj uhyhuvh uhodwlrq1 Krzhyhu/ wkh vwdqgdug huuruv duh irxqg wr eh
odujhu vr wkdw wkh qxoo ri qr0suhglfwdelolw| fdqqrw eh uhmhfwhg1 Rxu uhvxowv vxjjhvw wkdw diwhu d
shulrg ri vrph ryhu0uhdfwlrq pdunhwv ehfdph pruh oltxlg1
61616 Wkh JDUFK vwuxfwxuh iru wkh FHHIP
Zh zrxog olnh wr hpskdvl}h wkdw wr wkh ehvw ri rxu nqrzohgjh wklv lv wkh ￿uvw sdshu lq zklfk wkh
Ndopdq ￿owhu prgho lqfrusrudwhv dv|pphwulf JDUFK ihdwxuhv lq wkh uhvlgxdov1 Zh zloo glvfxvv
wkh qrupdolw| ri wkh uhvlgxdov/ wkh dv|pphwu| ri wkh JDUFK h￿hfw/ dqg srvvleoh fruuhodwlrqv
ehwzhhq uhvlgxdov1
Zh whvw iru qrupdolw| e| xvlqj d Zdog whvw/ Z/ dv rxwolqhg lq vhfwlrq 6151 Lqvshfwlrq ri
Wdeoh 5 dqg frpsdulvrq zlwk Wdeoh 4 uhyhdov wkdw wkhvh vwdwlvwlfv kdyh vwurqjo| ghfuhdvhg iru
doo pdunhwv1 Krzhyhu/ iru doo frxqwulhv zh frqwlqxh wr uhmhfw qrupdolw|1 Wklv mxvwl￿hv wkh idfw
wkdw lq Wdeoh 5 zh uhsruw svhxgr0pd{lpxp olnholkrrg vwdqgdug huuruv1
Zh qrwlfh wkdw iru wkh F}hfk Uhsxeolf wkhuh lv qr dv|pphwu| lq wkh JDUFK surfhvv1
Iru Srodqg +h{fhsw iru wkh uhjuhvvlrq zlwk XN, dqg iru doo uhjuhvvlrqv lqyroylqj Uxvvld zh
revhuyh wudglwlrqdo dv|pphwulhv= qhjdwlyh qhzv fuhdwh yrodwlolw|1 Wklv ￿qglqj vhhpv wr frq￿up
wkh ohyhudjh k|srwkhvlv ri Eodfn +4<:5,1 Zkhq d qhjdwlyh vkrfn klwv wkh pdunhw wkh ydoxh ri
htxlw| ghfuhdvhv/ ohdglqj wr d vkliwhg ghew0htxlw| vwuxfwxuh1 Wkh lqfuhdvhg ulvn lq wkh frpsdqlhv
wudqvodwhv lqwr kljkhu vxevhtxhqw yrodwlolw|1
Iru Srodqg rqfh zh kdyh XN lq wkh htxdwlrq dv|pphwulhv glvdsshdu1 Wklv phdqv wkdw edg
qhzv lq Srodqg duh uhodwhg wr edg qhzv iurp wkh XN1 Srvvleo|/ zkhq lqyhvwruv lq wkh XN vx￿hu
d gudzedfn wkh| zlwkgudz ixqgv iurp Srodqg zklfk lq wxuq ohdgv wr d idoo lq wkh Srolvk pdunhw1
Iru Kxqjdu| zh ￿qg wkdw srvlwlyh qhzv lqfuhdvh yrodwlolw|1 D vlplodu ihdwxuh kdv ehhq
glvfryhuhg e| Ehndhuw dqg Kduyh| +4<<:, iru 6 rxw ri 43 hphujlqj frxqwulhv/ exw qrw frpphqwhg1
Srvvleoh h{sodqdwlrqv iru wklv ￿qglqj duh wkh iroorzlqj= lw lv srvvleoh wkdw wkh pdunhwv xqghu
frqvlghudwlrq duh jhqhudoo| yhu| looltxlg1 Rqfh d jrrg qhzv klwv wkh pdunhw/ iruhljq fdslwdo pd|
eh dwwudfwhg1 Wklv frxog ohdg wr lqfuhdvhg oltxlglw|1 Lq xvxdo pdunhw0plfurvwuxfwxuh prghov/
juhdwhu oltxlglw| dovr ohdgv wr vpdoohu yrodwlolw|1 Lq hphujlqj hfrqrplhv juhdwhu yrodwlolw| fdq
dulvh vxevhtxhqw wr juhdwhu oltxlglw| li lqyhvwruv duh lqlwldoo| ghwhuuhg iurp vhoolqj lq dq looltxlg
pdunhw dqg wdnh dgydqwdjh wr gxps wkhlu srvlwlrqv rqfh juhdwhu oltxlglw| kdv ehhq dfklhyhg/ d
ihdwxuh zh fdoohg wkh oltxlglw| k|srwkhvlv lq wkh Lqwurgxfwlrq1 Dowhuqdwlyho|/ lw lv srvvleoh wkdw
jlyhq wkh vkruw wlph vhulhv qr uhohydqw qhjdwlyh qhzv kdv klw wkh pdunhw/ ru lw lv srvvleoh wkdw
<pdunhwv kdyh ehhq dqwlflsdwlqj rqo| qhjdwlyh qhzv1
Wkh sdudphwhu phdvxulqj wkh shuvlvwhqfh ri yrodwlolw|/ ￿￿/ wdnhv iru doo frxqwulhv/ h{fhsw
Kxqjdu|/ ydoxhv durxqg 31:1 Iru Kxqjdu| zh ￿qg d ydoxh ri derxw 315; lpso|lqj wkdw yrodwlolw|
glhv r￿ yhu| txlfno|1
61617 Hyroxwlrq ri wkh odwhqw idfwru
Zh qrz wxuq wr wkh glvfxvvlrq ri ￿
Ef￿










f,1 Wklv sdudphwhu uhsuhvhqwv d odwhqw idfwru dqg lv
h{shfwhg wr fdswxuh wkh hyroxwlrq wkurxjk wlph ri wkh h{shfwdwlrq ri pdfurhfrqrplf yduldeohv
vxfk dv lqwhuhvw udwhv dqg rwkhu ixqgdphqwdov1
F}hfk Uhsxeolf
Iru doo uhjuhvvlrqv/ zh ￿qg wkdw tf lv srvlwlyh dqg ehwzhhq 313479 iru wkh XV uhjuhvvlrq
dqg 3134<3 iru wkh XN rqh1 Wkh ydoxhv ri tf duh wkhuhiruh yhu| vlplodu1 Ixuwkhupruh/ iru doo
uhjuhvvlrqv zh ￿qg h{wuhpho| vlplodu ydoxhv iru ￿
Ef￿
f 1 Iljxuh ; glvsod|v wkh hyroxwlrq wkurxjk
wlph ri wklv frh￿flhqw iru wkh JH uhjuhvvlrq1 Dv frxog eh h{shfwhg iurp wkh idfw wkdw wkh
srlqw hvwlpdwh ri ￿
Ef￿
f wdnhv wkh ydoxh 031779< dqg lwv yduldqfh tf lv yhu| vpdoo zh ￿qg wkdw iru
prvw ri wkh wlph wkh odwhqw idfwru lv qhjdwlyh1 Wklv revhuydwlrq lqglfdwhv wkdw iru wklv pdunhw
h{shfwdwlrqv zhuh udwkhu jorrp|1 Wklv revhuydwlrq lv lq olqh zlwk zkdw zh pd| lqihu iurp Iljxuh
41d zklfk vkrzv d udwkhu srru shuirupdqfh ri wkh F}hfk pdunhw1
Kxqjdu|
Djdlq zh ￿qg wkdw tf lv srvlwlyh dqg iru doo wkh uhjuhvvlrqv wkh frh￿flhqw lv yhu| vlplodu
udqjlqj ehwzhhq 3133<9 dqg 3133<; vxjjhvwlqj wkdw ￿
Ef￿
| fdswxuhv d wlph ydu|lqj odwhqw idfwru1
Iljxuh < sorwv wkh g|qdplfv iru wkh JH uhjuhvvlrq1 Zh qrwlfh wkdw diwhu dq lqlwldo shvvlplvwlf
￿qdqfldo pdunhw/ iurp Mxqh 4<<8 rq/ wklv pdunhw zdv udwkhu rswlplvwlf1
Srodqg
Lqvshfwlrq ri tf uhyhdov wkdw zkhq zh frqvlghu wkh uhjuhvvlrq lqfrusrudwlqj wkh vkrfnv ri
Jhupdq| ru wkh XV/ wkhq qr wlph yduldelolw| lv irxqg iru wkh odwhqw idfwruv1 Rq wkh rwkhu kdqg/
zkhq zh frqvlghu dv iruhljq vkrfnv wkh XN/ wkhq tf lv srvlwlyh dqg wkh odwhqw idfwru dsshduv
wr eh wlph ydu|lqj1 Wklv vxjjhvwv wkdw Srodqg kdv qrw rqo| d wlph ydu|lqj lqwhjudwlrq zlwk
Jhupdq| exw wkdw wkrvh iruhljq vkrfnv duh deoh wr dfw dv d vxevwlwxwh iru Srolvk pdfurhfrqrplf
h{shfwdwlrqv1 Wkhvh revhuydwlrqv xqghuvfruh wkh uhjlrqdo lpsruwdqfh ri wkh Jhupdq pdunhw qrw
rqo| rq wkh ￿qdqfldo vhfwru exw rq wkh hfrqrp| dv d zkroh1
Uxvvld
Khuh tf lv vlplodu wr wkh F}hfk fdvh wkdw lv zlwk dq rughu ri pdjqlwxgh ri 3143031451 Wkh
hvwlpdwhv iru wkh vwduwlqj ydoxh duh yhu| vlplodu/ udqjlqj ehwzhhq 517;64 iru wkh XV uhjuhvvlrq
dqg 61574< iru wkh XN rqh1 Sdudphwhu hvwlpdwhv/ zkhq doorzlqj iru gl￿huhqw iruhljq vkrfnv
duh frpsdudeoh1 Iljxuh 43 glvsod|v wkh yduldwlrq wkurxjk wlph ri ￿
Ef￿
| 1 Zh revhuyh odujh ￿xf0
wxdwlrqv lq wkdw frh￿flhqw lqglfdwlqj juhdw uhyhuvdov lq wkh h{shfwdwlrqv frqfhuqlqj Uxvvldq
ixqgdphqwdov1 Djdlq/ wkrvh yduldwlrqv jr kdqg lq kdqg zlwk wkh rqhv wkdw fdq eh ghgxfhg iurp
Iljxuh 41d1
e ￿L?U*￿t￿L?
Wklv sdshu lqwurgxfhv d prgho/ edvhg rq wkh Ndopdq ￿owhu iudphzrun/ zklfk doorzv iru wlph
ydu|lqj sdudphwhuv/ odwhqw idfwruv/ dqg d jhqhudo JDUFK vwuxfwxuh iru wkh uhvlgxdov/ h{whqglqj
wkh Ehndhuw dqg Kduyh| +4<<:, prgho1 Zlwk wklv h{whqvlrq lw lv srvvleoh wr whvw li dq hphujlqj
43vwrfn pdunhw ehfrphv pruh h￿flhqw ryhu wlph dqg pruh lqwhjudwhg zlwk rwkhu douhdg| hvwde0
olvkhg pdunhwv1
Zh dsso| wklv prgho wr wkh pdlq Fhqwudo dqg Hdvwhuq Hxurshdq Ilqdqfldo Pdunhwv/ qdpho|
wkh F}hfk/ Srolvk/ Kxqjduldq/ dqg Uxvvldq vwrfn pdunhwv1 Iluvw/ frqfhuqlqj pdunhw lqwhjudwlrq
zh ￿qg yhu| vlplodu uhvxowv iru wkh F}hfk uhsxeolf/ Kxqjdu|/ dqg Srodqg1 Iru wkrvh frxqwulhv
wkh XN dozd|v sod|hg dq lpsruwdqw uroh1 Jhupdq| lqvwhdg sod|hg dq lpsruwdqw uroh wloo vsulqj
4<<8 exw qr orqjhu vlqfh1 Jlyhq lwv jhrjudsklfdo glvwdqfh/ wkrvh pdunhwv zhuh qrw d￿hfwhg e|
wkh XV pdunhw1 Iru wkh Uxvvldq pdunhw wkh slfwxuh lv gl￿huhqw1 Wrzdugv 4<<8 dffhvv wr wkh
Uxvvldq pdunhw zrxog kdyh doorzhg XV ru Jhupdq lqyhvwruv wr khgjh djdlqvw orfdo ulvnv1 Wklv
qhjdwlyh fruuhodwlrq ghfuhdvhg vlqfh wkhq1
Frqfhuqlqj suhglfwdelolw| zh ￿qg wkdw wkh Kxqjduldq vwrfn pdunhw kdv d udwkhu orz ohyho ri
suhglfwdelolw|1 Rqh srvvleoh uhdvrq lv kljk oltxlglw| dqg wkh idfw wkdw dprqj doo wkh wudqvlwlrq
hfrqrplhv frqvlghuhg wkh Kxqjduldq pdunhw douhdg| h{lvwhg iru whq |hduv ehiruh lw rshqhg
r￿fldoo| lq 4<<71 Srodqg dqg wkh F}hfk pdunhw kdyh kljk suhglfwdelolw| zlwk shdnv iru wkh
F}hfk pdunhw lq Qryhpehu 4<<7 dqg Dsulo 4<<:1 Wkh Srolvk pdunhw uhpdlqhg frqvwdqwo| kljk1
Wkh Uxvvldq pdunhw kdv d yhu| gl￿huhqw sdwwhuq1 Lw hyroyhg iurp d pdunhw zlwk qhjdwlyh
dxwrfruuhodwlrq +srvvleo| gxh wr ryhu0uhdfwlrq ri pdunhw sduwlflsdqwv, wr d pdunhw zlwk qr
suhglfwdelolw| e| Mxqh 4<<:1
Ixuwkhupruh/ zlwklq wkh jhqhudo prgho ghyhorshg zh ￿qg wkdw iru doo frxqwulhv lqyhvwljdwhg
wkhuh h{lvw vljql￿fdqw JDUFK h￿hfwv frpsdwleoh zlwk Eodfn*v +4<:5, ohyhudjh k|srwkhvlv1 Wkh
h{fhswlrq lv Kxqjdu| zkhuh lw lv irxqg wkdw jrrg qhzv jhqhudwh pruh yrodwlolw| wkdq edg qhzv1
Zh surylgh vhyhudo h{sodqdwlrqv iru wklv skhqrphqrq1
44￿TTi?_￿ ￿
Lq wklv Dsshqgl{ zh ghvfuleh krz wr lpsohphqw wkh Ndopdq ￿owhu dqg vprrwkhu zlwk JDUFK
h￿hfwv lq wkh uhvlgxdov1 Iroorzlqj wkh qrwdwlrqv ri D1F1 Kduyh| +4<;<,/ s1 433~438 zh dvvxph
d jhqhudo vwdwh0vsdfh prgho zulwwhq dv=
|| @ }|￿| .￿|> H^￿|‘@3 > Y^￿|‘@K| +49,
￿| @ W|￿|3￿ .U|￿|> H^￿|‘@3 > Y^￿|‘@T|= +4:,
Htxdwlrqv +49, dqg +4:, duh uhihuuhg wr dv wkh phdvxuhphqw dqg wudqvlwlrq htxdwlrq uhvshfwlyho|1
Wkh glvwxuedqfhv/ ￿| dqg ￿|/ zklfk fdq eh yhfwruv/ duh dvvxphg wr eh glvwulexwhg qrupdoo| dqg
xqfruuhodwhg zlwk hdfk rwkhu dqg dfurvv doo wlph shulrgv1 || lv dq revhuydwlrq1 }| fruuhvsrqg wr
h{sodqdwru| yduldeohv1 Wkh ￿| duh odwhqw yduldeohv zklfk zh wu| wr hvwlpdwh1 Wlph uxqv iurp
w @4w rW1
Ohw Lr eh wkh vhwri doo lqirupdwlrqdydlodeoh dw wlph v1 Wkhq/ e| gh￿qlqj d|￿r @ H^￿|mLr‘>S |￿r @







y| @ || ￿||￿|3￿>
I| @ }|S|￿|3￿}￿
| . K|>
d| @ d|￿|3￿ . S|￿|3￿}￿
|I3￿
| y|>




Zh qrwlfh/ dv glg Hphuvrq/ Kdoo/ dqg ]dohzvnd0Plwxud +4<<9,/ wkdw y| uhsuhvhqwv dq hvwlpdwh
ri wkh uhvlgxdo ￿|1 Fohduo|/ jlyhq wkh zd| wkh ￿owhu lv frqfhlyhg/ dw wlph w/ y￿>y 2>￿￿￿>y | duh
nqrzq1 Lw lv wkhuhiruh srvvleoh wr lqfrusrudwh dq| JDUFK h￿hfw e| dgmxvwlqj K|1 Iru lqvwdqfh
d JDUFK+4/4, zlwk dv|pphwulhv prghohg dv lq ]dnr￿ ￿dq +4<<7, fdq eh lpsohphqwhg zlwk
K| @ ef .eny2
|3￿4 Lt￿|3￿:f￿ . e3y2
|3￿4 Lt￿|3￿$f￿ .e￿K|3￿=
Rwkhu JDUFK prghov/ vhh Furxk| dqg Urfnlqjhu +4<<:,/ fdq dovr eh lpsohphqwhg1
Ydulrxv lqlwldol}dwlrqv duh srvvleoh iru wkh JDUFK frpsrqhqw1 Rqh srvvlelolw| lv wr vhw
Kf @^ ef .+en .e3,
t
￿















Huuruv zklfk duh gxh wr d srru lqlwldol}dwlrq fdq eh plwljdwhg e| gursslqj wkh ￿uvw ihz olnholkrrg
revhuydwlrqv1





d|￿A @ d| .SW
| +d|n￿￿A ￿ d|n￿￿A,
S|￿A @ S| .SW
| +S|n￿￿A ￿S|n￿￿A,SW
| =
45Vlqfh wkrvh htxdwlrqv gr qrw ghshqg xsrq y|/ rqfh sdudphwhuv kdyh ehhq hvwlpdwhg lw lv srvvleoh
wr gluhfwo| xvh wkh wudglwlrqdo vprrwklqj htxdwlrqv1
￿TTi?_￿ ￿
Lq wklv dsshqgl{ zh surylgh lqirupdwlrq rq wkh lqglfhv xvhg1 Lw vkrxog eh qrwlfhg wkdw doo
FHHIP frxqwulhv kdyh frqwlqxrxv dxfwlrqv1 Erwk wkh Uxvvldq dqg wkh F}hfk pdunhwv gr qrw
kdyh dq| sulfh frqwurov zklovw wkh Srolvk dqg wkh Kxqjduldq rqhv olplw sulfh fkdqjhv iurp vhvvlrq
wr vhvvlrq1
41 F}hfk Uhsxeolf0S[831 Dydlodeoh ehwzhhq Dsulo :wk 4<<7 dqg Mxo| 43wk 4<<:/ wkh
S[83 +zlwk S[O dqg S[0Jore, lv wkh ohdglqj uhsuhvhqwdwlyh ri d idplo| ri lqglfhv zklfk lqfoxghv
55 lqglfhv1 Wkh S[83 lv wkh prvw dwwudfwlyh F}hfk vwrfn lqgh{ +wudghg rq wkh Sudjxh Vwrfn
H{fkdqjh, lq whupv ri wxuqryhu dqg pdunhw fdslwdol}dwlrq1￿￿ Wkh frpsrvlwlrq ri wkh lqgh{ lv
uhylvhg txduwhuo| dv ri wkh ￿uvw vhvvlrq lq Mdqxdu|/ Dsulo/ Mxo|/ dqg Rfwrehu1
51 Kxqjdu|0EX[1 Dydlodeoh ehwzhhq Ghfhpehu 45wk 4<<4 dqg Mxo| 43wk 4<<:1 Wkh
Exgdshvw Vwrfn Lqgh{ +EX[, uhsodfhg wkh xqr￿fldo Exgdshvw Vwrfn H{fkdqjh Lqgh{ zklfk zdv
xvhg gxulqj wkh lqlwldo skdvhv ri wkh frxqwu|*v hfrqrplf wudqvlwlrq1 Fxuuhqwo|/ wkh EX[ frqwdlqv
4: vwrfnv1 Wr txdoli| iru wkh lqgh{/ d vwrfn kdv wr frpso| zlwk vhyhudo uhtxluhphqwv/ lqfoxglqj d
fhuwdlq plqlpxp idfh ydoxh/ d gh￿qhg plqlpxp sulfh/ d plqlpxp qxpehu ri wudqvdfwlrqv/ dqg
d fxpxodwhg plqlpxp wxuqryhu ri 43( ri wkh uhjlvwhuhg fdslwdo gxulqj wkh vl{ prqwkv suhfhglqj
wkh uhylvlrqv ri wkh lqgh{1
61 Srodqg0ZLJ1 Dydlodeoh ehwzhhq Ghfhpehu 9wk 4<<4 dqg Mxo| 43wk 4<<:1 Wkh Zduvdz
Vwrfn H{fkdqjh lqgh{ zdv wkh ￿uvw lqgh{ wr eh lqwurgxfhg diwhu wkh uhrshqlqj ri wkh Zduvdz
Vwrfn H{fkdqjh1 Wkh lqgh{ lv fdofxodwhg diwhu hdfk wudglqj vhvvlrq dqg vlqfh Mdqxdu| 4<<: lw
frqwdlqv 99 vwrfnv/ frpsduhg zlwk 6< vwrfnv dv ri Dsulo 4<<81 Lw lv fdofxodwhg dv d zhljkwhg
lqgh{ iru wkh pdlq pdunhw/ rqfh shu wudglqj gd|/ diwhu hdfk wudglqj vhvvlrq1 Wkh zhljkw ri dq
lqglylgxdo vwrfn wr lwv pdunhw fdslwdol}dwlrq lv olplwhg wr 43( ri wkh lqgh{ vdpsoh1 Ixuwkhupruh/
d vlqjoh vhfwru pd| qrw dffrxqw iru pruh wkdq 63( ri wkh lqgh{1 Wkh lqgh{ lv uhjxoduo| uhylvhg
hyhu| wkuhh prqwkv/ pdlqo| wr dffrxqw iru wkh lqwurgxfwlrq ri qhz vwrfnv1
71 Uxvvld0URV1 Dydlodeoh ehwzhhq Ghfhpehu 4vw 4<<6 dqg Mxo| 43wk 4<<:1 Wklv lqgh{
lv surylghg e| wkh FV Iluvw Ervwrq lqyhvwphqw edqn1 Wkh lqgh{ lv fdslwdol}dwlrq zhljkwhg dqg
lqfoxghv wkh 63 prvw oltxlg vwrfnv1 Wklv lqgh{ lv uxeoh ghqrplqdwhg dqg dydlodeoh rq d gdlo|
edvlv vlqfh Dxjxvw 4vw 4<<71
81 XVD0V)S 8331 Wkh V)S 833 Lqgh{ frqvlvwv ri 833 vwrfnv fkrvhq iru pdunhw vl}h/
oltxlglw|/ dqg lqgxvwu| jurxs uhsuhvhqwdwlrq1 Lw lv d pdunhw0ydoxh zhljkwhg lqgh{1￿e
91 Jhupdq|0ID]1 Wkh prvw txrwhglqgh{ iru Jhupdq| lv wkh ID] +Iudqnixuwhu Doojhphlqh
]hlwxqj, lqgh{1 Lw lv d zhljkwhg lqgh{ +433 vwrfnv, wkh frpsrvlwlrq ri zklfk kdv qrw fkdqjhg
iru doprvw whq |hduv1
:1 XN0IWVH 4331 Wkh IWVH Dfwxdulhv Vkduh Lqgh{ lv d zhljkwhg lqgh{ ri 433 vwrfnv
zkhuh wkh zhljkwv duh wkh pdunhw fdslwdol}dwlrq ri hdfk frpsdq|1
￿￿￿ Thiti?|@|￿L? Lu |￿i h￿*it E￿?U*￿_￿?} Uh￿|ih￿@ uLh |￿i t@4T*￿?} ThLUi_￿hic |h@_￿?} ￿L*￿4ic tiU|Lh@* M@*@?Ui
@?_ Uh￿|ih￿@ uLh ?L?￿@_4￿tt￿L?￿ ￿ti_ |L UL?t|h￿U| @?_ ￿T_@|i |￿i ￿jDf @t ￿i** @t |￿i L|￿ih ￿?_￿Uit Lu |￿￿t t|￿_)
U@? Mi uL￿?_ ￿? Nh}@ @?_ +￿ih@ E￿bb.￿￿
￿e6Lh @** ,5￿ ￿i ￿ti _@|@ UL￿ih￿?} |￿i Tih￿L_ uLh ￿￿￿U￿ ￿i @*tL ￿@￿i _@|@ uLh |￿i ￿,,6￿￿
46+,6,+,￿￿,5
Ehndhuw/ J1 +4<<8,/ _Pdunhw Lqwhjudwlrq dqgLqyhvwphqw Eduulhuv lqHphujlqj Htxlw| Pdunhwv%/
Wkh Zruog Edqn Hfrqrplf Uhylhz/ </ :8~43:1
Ehndhuw/ J1 dqg F1O1 Kduyh| +4<<8,/ _Wlph0Ydu|lqj Zruog Pdunhw Lqwhjudwlrq%/ Mrxuqdo ri
Ilqdqfh/ 83/ 736~7771
Ehndhuw/ J1 dqg F1O1 Kduyh| +4<<:,/ _Hphujlqj Htxlw| Pdunhw Yrodwlolw|%/ Mrxuqdo ri Ilqdqfldo
Hfrqrplfv/ 76/ 5<~::1
Eodfn/ I1 +4<:5, _Fdslwdo Pdunhw Htxloleulxp zlwk Uhvwulfwhg Eruurzlqj%/ Mrxuqdo ri Exvlqhvv/
78/ 777~881
Fdpsehoo/ M1\1/ D1Z1 Or/ dqg D1F1 PdfNlqod| +4<<:,/ _Wkh Hfrqrphwulfv ri Ilqdqfldo Pdu0
nhwv%/ Sulqfhwrq Xqlyhuvlw| Suhvv1
Fdpsehoo/ M1\1 dqg O1 Khqwvfkho +4<<5,/ _Qr Qhzv lv Jrrg Qhzv= Dq Dv|pphwulf Prgho ri
Fkdqjlqj Yrodwlolw| lq Vwrfn Uhwxuqv/% Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 64/ 5;4~64;1
Fodhvvhqv/ V1/ V1 Gdvjxswd/ dqg M1 Johq +4<<8,/ _Uhwxuq Ehkdylrxu lq Hphujlqj Vwrfn Pdu0
nhwv%/ Wkh Zruog Edqn Hfrqrplf Uhylhz/ </ 464~4841
Furxk|/ P1 dqg P1 Urfnlqjhu +4<<:,/ _Yrodwlolw| Foxvwhulqj/ Dv|pphwu|/ dqg K|vwhuhvlv lq
Vwrfn Uhwxuqv= Lqwhuqdwlrqdo Hylghqfh%/ Ilqdqfldo Hqjlqhhulqj dqg wkh Mdsdqhvh Pdunhwv/
4~681
Fxpe|/ U1H1 dqg M1 Kxl}lqjd +4<<5,/ _Whvwlqj wkh Dxwrfruuhodwlrq Vwuxfwxuh ri Glvwxuedqfhv
lq Ruglqdu| Ohdvw Vtxduhv dqg Lqvwuxphqwdo Yduldeohv Uhjuhvvlrqv%/ Hfrqrphwulfd/ 93/ 4/
4;8~<81
Hphuvrq/ U1/ V1J1 Kdoo/ D1 ]dohzvnd0Plwxud +4<<9,/ _Hyroylqj Pdunhw H￿flhqf| zlwk dq
Dssolfdwlrq wr Vrph Exojduldq Vkduhv%/ plphr/ Orqgrq Exvlqhvv Vfkrro1
Hqjoh/ U1I1 +4<;5, _Dxwruhjuhvvlyh Frqglwlrqdo Khwhurvnhgdvwlflw| zlwk Hvwlpdwhv ri wkh Ydul0
dqfh ri Xqlwhg Nlqjgrp Lq￿dwlrq%/ Hfrqrphwulfd/ 83/ <;:~433:1
Huuxq}d/ Y1U1 dqg H1 Orvt +4<;8,/ _Lqwhuqdwlrqdo Dvvhw Sulflqj Xqghu Plog Vhjphqwdwlrq=
Wkhru| dqg Whvw%/ Mrxuqdo ri Ilqdqfh/ 73/ 438~4571
Ihuvrq/ Z1H1 dqg F1U1 Kduyh| +4<<6,/ _Wkh Ulvn dqg Suhglfwdelolw| ri Lqwhuqdwlrqdo Htxlw|
Uhwxuqv%/ Uhylhz ri Ilqdqfldo Vwxglhv/ 9/ 85:~8991
Ihuvrq/ Z1H1 dqg F1U1 Kduyh| +4<<7,/ _Vrxufhv ri Ulvn dqg H{shfwhg Uhwxuqv lq Joredo Htxlw|
Pdunhwv%/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 4;/ ::8~;361
Jorvwhq/ O1/ U1 Mdjdqqdwkdq/ dqg G1 Uxqnoh +4<<6,/ _Rq wkh uhodwlrq ehwzhhq wkh h{shfwhg
ydoxh dqg wkh yrodwlolw| ri wkh qrplqdo h{fhvv uhwxuq rq vwrfnv/% Mrxuqdo ri Ilqdqfh/ 7;/
4::<~4;341
Jrxulhurx{ F1/ D1 Prqiruw/ dqg D1 Wurjqrq +4<;7,/ _Svhxgr0Pd{lpxp Olnholkrrg Phwkrgv=
Wkhru|%/ Hfrqrphwulfd/ 85/ 9;4~:331
Kdqvhq/ E1 +4<<4,/ _Lqihuhqfh Zkhq d Qxlvdqfh Sdudphwhu lv Qrw Lghqwl￿hg Xqghu wkh Qxoo
K|srwkhvlv%/ plphr/ Urfkhvwhu Xqlyhuvlw|1
47Kduyh|/ D1F1 +4<;<,/ _Iruhfdvwlqj/ Vwuxfwxudo Wlph Vhulhv Prghov dqg wkh Ndopdq Ilowhu%/
Fdpeulgjh Xqlyhuvlw| Suhvv1
Kduyh|/ F1U1 +4<<4,/ _Wkh Zruog Sulfh ri Fryduldqfh Ulvn%/ Mrxuqdo ri Ilqdqfh/ 79/ 444048:1
Kduyh|/ F1U1 +4<<8,/ _Suhglfwdeoh Ulvn dqg Uhwxuqv lq Hphujlqj Pdunhwv%/ Wkh Uhylhz ri
Ilqdqfldo Vwxglhv/ Idoo 4<<8/ Yro1;/ Qr16/ ::6~;49
Olqwqhu/ M1 +4<98, _Wkh Ydoxdwlrq ri Ulvn| Dvvhwv dqg wkh Vhohfwlrq ri Ulvn| Lqyhvwphqwv lq
Vwrfn Sruwirolrv dqg Fdslwdo Exgjhwv%/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 7:/ 46~6:1
Orqjlq/ I1 dqg E1 Vroqln +4<<8,/ _Lv wkh Fruuhodwlrq lq Lqwhuqdwlrqdo Htxlw| Uhwxuqv Frqvwdqw=
4<93~4<<3B%/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 47/ 6~591
Ulfkdugvrq/ P1 dqg W1 Vplwk +4<<6,/ _D Whvw iru Pxowlyduldwh Qrupdolw| lq Vwrfn Uhwxuqv%/
Mrxuqdo ri Exvlqhvv/ 99/ 5<8~6541
Urfnlqjhu/ P1/ dqg J1 Xujd +4<<:,/ _Lqirupdwlrq Frqwhqw ri Uxvvldq Vwrfn Lqglfhv%/ GS 570<:/
Fhqwuh iru Hfrqrplf Iruhfdvwlqj/ Orqgrq Exvlqhvv Vfkrro1
Vkdush/ Z1 +4<97,/ _Fdslwdo Dvvhw Sulfhv= D Wkhru| ri Pdunhw Htxloleulxp Xqghu Frqglwlrqv
ri Ulvn%/ Mrxuqdo ri Ilqdqfh/ 4</ 758~7751
Vroqln/ E1 +4<;6,/ _Lqwhuqdwlrqdo Duelwudjh Sulflqj Wkhru|%/ Mrxuqdo ri Ilqdqfh/ 69/ <56~<671
Wd|oru/ V1 +4<;9,/ _Prgholqj Ilqdqfldo Wlph Vhulhv%/ Mrkq Zloh|)Vrqv1
Xujd/ J1 dqg Ulhud/ M1 +4<<:,/ _Fhqwudo Hxurshdq Vwrfn Lqglfhv= Ghvfulswlrq dqg Dvvhvvphqw%/
Fhqwuh iru Hfrqrplf Iruhfdvwlqj/ Orqgrq Exvlqhvv Vfkrro1
]dnr￿ ￿dq/ M1 P1 +4<<7,/ _Wkuhvkrog Khwhurvnhgdvwlf Prghov%/ Mrxuqdo ri Hfrqrplf G|qdplfv
dqg Frqwuro/ 4;/ <640<881
48￿@T|￿L?t
Wdeoh 4= Ghvfulswlyh Vwdwlvwlfv
Zh uhsruw khwhurvnhgdvwlf0urexvw hvwlpdwhv ri wkh phdq/ yduldqfh/ vnhzqhvv dqg h{fhvv nxu0
wrvlv rewdlqhg zlwklq d JPP iudphzrun1 Wklv iudphzrun dovr surylghv w0whvwv iru vljql￿fdqfh
ri vnhzqhvv dqg nxuwrvlv +vnW dqg nxW uhvshfwlyho|,1 Zh dovr uhsruw Z/ d vwdwlvwlf fruuhvsrqglqj
wr d whvw iru qrupdolw|1 Wkh glvwulexwlrq ri wklv yduldeoh lv d "2
2 xqghu wkh qxoo ri qrupdolw|1
Wkh wudglwlrqdo Mdutxh0Ehud whvw iru qrupdolw| lv glvwulexwhg dv d "2 zlwk 5 g1r1i11
Wr suh0whvw iru khwhurvnhgdvwlflw| zh uhsruw Hqjoh +O, wkdw lv wkh Odjudqjh pxowlsolhu vwdwlvwlf
W ￿U2 fruuhvsrqglqj wr d whvw ri vljql￿fdqfh ri wkh sdudphwhuv d￿>m@ 4>￿￿￿>Olq wkh uhjuhvvlrq
u2





zkhuh zh fkrrvh O wr wdnh wkh ydoxhv 4 dqg 51 Wkhvh vwdwlvwlfv duh glvwulexwhg dv d "2 zlwk 4/
uhvs1 5 g1r1i11
EO +43, uhsuhvhqwv d Er{0Omxqj w|sh sruwpdqwhdx whvw frqvwuxfwhg zlwk 43 odjv1 Zkhq
wkh Hqjoh whvwv vxjjhvw khwhurvnhgdvwlflw|/ wkh Er{0Omxqj whvw lv dgmxvwhg iru khwhurvnhgdvwlflw|1
Wklv vwdwlvwlf lv glvwulexwhg dv d "2
￿f1 Wkh <8( fulwlfdo ohyho iru d "2
￿ +"2
2/"2
￿f, lv 61;7 +81<</ 4;16,1
Wkh fulwlfdo ohyho iru vljql￿fdqfh ri dxwrfruuhodwlrqv lv 3139: +31389, iru wkh 8( +43(, ohyho1
Wdeoh 5= Hvwlpdwhv ri d prgho doorzlqj iru wlph ydu|lqj suhglfwdelolw| dqg pdunhw
lqwhjudwlrq
Diwhu hvwlpdwlqj lq vwhs 4 wkh prgho
u(c| @ ￿( . ￿(}(c|
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t￿ uhsuhvhqwv dq hvwlpdwh ri wkh vwdqgdug ghyldwlrq ri wkh ￿
E￿￿
f 1 O>O- duh wkh xquhvwulfwhg dqg
wkh uhvwulfwhg dyhudjh orj0olnholkrrgv iru wkh prgho doorzlqj iru dv|pphwulhv lq wkh JDUFK
surfhvv1 OUW lv wkh dvvrfldwhg olnholkrrg0udwlr whvw vwdwlvwlfv1 Z lv d whvw iru qrupdolw| ri wkh
uhvlgxdov }￿c|1
Iljxuh 4d= Sorw ri ydulrxv Fhqwudo Hdvwhuq Hxurshdq Ilqdqfldo Pdunhw lqglfhv
Iljxuh 4e= Sorw ri ydulrxv Hphujhg Vwrfn Pdunhw lqglfhv
Iljxuh 5= Vprrwkhg hvwlpdwhv ri ￿2c| lqglfdwlqj wkh lpsdfw ri Jhupdq vkrfnv rq
wkh F}hfk pdunhw
Iljxuh 6= Vprrwkhg hvwlpdwhv ri ￿2c| lqglfdwlqj wkh lpsdfw ri Jhupdq vkrfnv rq
wkh Kxqjduldq pdunhw
49Iljxuh 7= Vprrwkhg hvwlpdwhv ri ￿2c| lqglfdwlqj wkh lpsdfw ri Jhupdq vkrfnv rq
wkh Srolvk pdunhw
Iljxuh 8= Vprrwkhg hvwlpdwhv ri ￿2c| lqglfdwlqj wkh lpsdfw ri XV vkrfnv rq wkh
Uxvvldq pdunhw
Iljxuh 9= Vprrwkhg hvwlpdwhv iru ￿￿c| uhsuhvhqwlqj wlph ydu|lqj suhglfwdelolw| iru
wkh F}hfk pdunhw +Sdudphwhuv iurp wkh JH uhjuhvvlrq,
Iljxuh := Vprrwkhg hvwlpdwhv iru ￿￿c| uhsuhvhqwlqj wlph ydu|lqj suhglfwdelolw| iru
wkh Uxvvldq pdunhw +Sdudphwhuv iurp wkh JH uhjuhvvlrq,
Iljxuh ;= Vprrwkhg hvwlpdwhv iru ￿fc| uhsuhvhqwlqj hyroxwlrq ri wkh odwhqw idfwru
iru wkh F}hfk pdunhw +Sdudphwhuv iurp wkh JH uhjuhvvlrq,
Iljxuh <= Vprrwkhg hvwlpdwhv iru ￿fc| uhsuhvhqwlqj hyroxwlrq ri wkh odwhqw idfwru
iru wkh Kxqjduldq pdunhw +Sdudphwhuv iurp wkh JH uhjuhvvlrq,
Iljxuh 43= Vprrwkhg hvwlpdwhv iru ￿fc| uhsuhvhqwlqj hyroxwlrq ri wkh odwhqw idfwru
iru wkh Uxvvldq pdunhw +Sdudphwhuv iurp wkh XV uhjuhvvlrq,
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Table 1: Descriptive statistics at daily frequency:
Countries CZ HU PO RU US GE UK
sample size 850 868 868 868 868 868 868
mean -0.0910 0.0838 -0.0760 0.2000 0.0766 0.0539 0.0573
median 0.0000 0.0340 0.0000 0.0000 0.0968 0.0681 0.1013
annual. volatility 17.21 22.62 39.19 51.46 11.46 11.53 9.40
skewness -0.64 0.17 -0.36 -0.21 -0.53 -0.73 -0.20
sk* -6.16 2.11 -7.04 -4.69 -3.47 -2.79 -1.51
kurtosis 6.72 3.48 4.29 38.70 2.92 2.63 0.99
ku* 11.78 15.86 50.21 151.54 3.80 3.65 1.30
W 141.68 231.45 2539.30 22967.52 18.22 15.75 3.10
Jarque-Bera 1660.10 430.30 673.14 57518.61 366.23 281.36 44.08
Engle (1) 64.99 28.09 48.00 0.02 0.74 2.10 1.19
Engle (2) 72.94 28.02 89.38 60.05 3.01 9.27 5.55
Autocorrelations:
rho(1) 0.231 0.119 0.187 0.135 -0.047 -0.018 0.026
rho(2) 0.219 0.012 0.057 -0.020 0.032 0.027 0.080
rho(3) 0.080 0.006 0.005 0.064 -0.048 0.000 -0.063
rho(4) -0.007 -0.013 0.076 0.077 -0.001 -0.012 0.001
rho(5) -0.003 -0.011 -0.078 0.182 -0.079 0.026 -0.070
rho(6) -0.052 0.004 -0.044 0.097 0.028 -0.108 -0.057
rho(7) -0.012 0.083 -0.031 0.065 -0.027 -0.008 -0.048
rho(8) -0.049 0.063 0.010 0.076 0.032 -0.005 -0.039
rho(9) 0.001 0.009 0.020 0.104 0.057 -0.026 0.029
rho(10) 0.031 0.030 0.008 0.139 -0.056 -0.002 -0.056
rho(15) -0.043 0.091 -0.050 0.036 -0.035 0.007 0.010
rho(20) 0.054 0.048 -0.096 0.062 -0.045 -0.083 -0.031
BL (10) 107.73 46.14 61.93 114.03 32.43 31.03 35.9819
Table 2: Estimates of the model allowing for time varying predictability and market integration
Czech Republic Hungary Poland Russia
US GE UK US GE UK US GE UK US GE UK
) 0 (
0 a -0.4427 -0.4469 -0.5236 -0.1594 -0.1622 -0.1568 -0.0927 -0.1091 -1.5181 2.4831 3.0363 3.2419
(0.1102) (0.1206) (0.1252) (0.1224) (0.1174) (0.1149) (0.0923) (0.0910) (0.1276) (0.3107) (0.2380) (0.2107)
) 1 (
0 a 0.2614 0.2881 0.2548 0.0348 0.0270 0.0265 0.1806 0.1639 0.2439 -0.1364 -0.1320 -0.1516
(0.0631) (0.1280) (0.1090) (0.0721) (0.0682) (0.0711) (0.0700) (0.0528) (0.0429) (0.1272) (0.1423) (0.1459)
) 2 (
0 a 0.0227 -0.0152 0.1077 0.0228 0.0485 0.0564 -0.0009 1.5108 0.2226 -1.1865 -0.7018 -0.0105
(0.0693) (0.0902) (0.0524) (0.0699) (0.1659) (0.0561) (0.1043) (0.1917) (0.0853) (0.2817) (0.2297) (0.1671)
q0 0.0146 0.0160 0.0190 0.0098 0.0099 0.0096 0.0000 0.0000 0.0359 0.1203 0.1223 0.1096
q1 0.0000 0.0167 0.0140 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0066 0.0070 0.0067
q2 0.0000 0.0099 0.0000 0.0000 0.0130 0.0000 0.0000 0.0504 0.0000 0.0255 0.0157 0.0000
b
0 0.1257 0.1080 0.1222 0.9575 0.8977 0.9645 0.3580 0.3701 0.3615 1.2571 1.2907 1.3118
(0.0170) (0.0155) (0.0163) (0.1555) (0.1388) (0.1564) (0.0395) (0.0403) (0.0491) (0.1667) (0.1268) (0.1203)
b
+ 0.2370 0.2432 0.2385 0.3409 0.3621 0.3508 0.1707 0.1858 0.2619 0.0143 0.0077 0.0094
(0.0355) (0.0354) (0.0369) (0.0589) (0.0642) (0.0717) (0.038) (0.0397) (0.0413) (0.0092) (0.0090) (0.0094)
b
- 0.3101 0.2982 0.2586 0.1586 0.1809 0.1706 0.2947 0.3078 0.2418 0.2443 0.2406 0.2625
(0.0492) (0.0486) (0.0452) (0.0490) (0.0509) (0.0502) (0.0332) (0.0381) (0.0421) (0.0499) (0.0413) (0.0422)
1 b 0.6235 0.6341 0.6384 0.2868 0.2959 0.2751 0.7202 0.6996 0.6928 0.7733 0.7754 0.7705
(0.0335) (0.0341) (0.0346) (0.0920) (0.0860) (0.0955) (0.0194) (0.0226) (0.0246) (0.0280) (0.0216) (0.0207)
L -1.3381 -1.3209 -1.3331 -1.7331 -1.7303 -1.7320 -2.1492 -2.1454 -2.1443 -2.5382 -2.5405 -2.5432
W 43.71 45.56 47.26 61.77 69.55 64.51 53.40 25.13 29.03 181.69 179.53 178.58
L
R -1.3385 -1.3212 -1.3332 -1.7354 -1.7325 -1.7342 -2.1524 -2.1482 -2.1461 -2.5416 -2.5447 -2.5476
LRT 0.68 0.46 0.12 3.97 3.85 3.78 5.64 4.89 3.09 5.97 7.16 7.66Iljxuh 4d
53Iljxuh 4e
54Iljxuh 5
55Iljxuh 6
56Iljxuh 7
57Iljxuh 8
58Iljxuh 9
59Iljxuh :
5:Iljxuh ;
5;Iljxuh <
5<Iljxuh 43
63